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ABSTRACT
Banana epidermis is a byproduct of banana and high in starch, it can be used to made biodegradable
composite film and their properties were characterized. The aim of this study was to develop
biodegradable composite films based on modified banana epidermis starch. The role of modified banana
epidermis starch (MBES) particle loadings were analyzed on chitosan semi-crystalline structure, in
addition to studying the composite film properties such as barrier, thermal and mechanical properties.
Antimicrobial activity of the composite films is developed based on chitosan and MBES particle. The
composite films are produced by solution casting method. The composites exhibit a significantly good
in the mechanical and thermal stability. The resulting Chitosan/MBES films exhibit better oxygen
permeation rate while compared with normal commercial films. The new prepared composite films have
a high potential, mechanical, morphological, antimicrobial activity, and to improve their long-lasting
antimicrobial efficiency for food packaging applications.
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INTRODUCTION
In recent times, the growing environmental
awareness has encouraged the development of biodegradable materials from renewable resources to
replace conventional non-biodegradable materials
in many applications. Among them, polysaccharides such as starches offer several advantages for
the replacement of synthetic polymers in plastics
industries due to their low cost, non-toxicity, biodegradability, and availability.[1] Starch is composed
of amylose and amylopectin with relative amounts
of each component varying according to its plant
source As an example, banana peel starch has about
27 wt.% amylose as compared to cassava starch
with 17 wt.%. Film-forming, barrier and mechanical properties, as well as processing conditions,
are dependent on amylose to amylopectin ratio. In
general, an increasing amount of amylose improves
the above-mentioned properties.[2-5] Starch-based
films, however, are brittle and hydrophilic, therefore limiting their processing and application.
Native starches represent many disadvantages, thus
limiting their wide application and industrial use.
Functional properties of starches available on the
commercial market, normally obtained from corn
or other cereals, are often submitted for physical
modification (mainly gelatinization) or for slight and
relatively simple chemical modifications to fulfill
needs of food and other industries. Modified food
starches generally show better paste clarity and stability, increased resistance to retro gradation, and
freeze-thaw stability.[06-12] In order to overcome
these drawbacks, starch can be mixed with various
synthetic and natural polymers. These approaches
are: multilayer structures with aliphatic polyesters,[13-18] lends with natural rubber,[19-24] or
zein,[25-32] and composites with fibers.[32-36] In
our study, we have investigated the effect of different amounts of modified banana epidermis starch
(MBES) particles to retain Chitosan during polymer

processing. Here in, we use the most auspicious
Chitosan/MBES combination to develop polymer
films. Importantly, we investigate the films oxygen
permeation rate, thermal stability, antimicrobial
activity which is essential in a wide range of applications to enrich food safety and shelf life.

EXPERIMENTAL METHODS
Materials
Chitosan (powder) low molecular weight 50,000190,000 Da (based on viscosity), Hydrochloric Acid
(HCl, CAS number 7647-01-0), was purchased
from Sigma-Aldrich Chemie GmbH, Germany. The
modified banana epidermis starch and pure glycerol
(CAS Number 56-81-5) (87% purity) were purchased
from M/s Universal biopolymers, India.
Synthesis of Modified Starch particles
Synthesis of Banana Epidermis Starch particles
The banana epidermis was cut into slices and
each slice was cut into pieces, which were rinsed
immediately in sodium bisulfite solution in 2:1
(v/w) proportion at 40 °C. Epidermis pieces were
macerated and blended at low speed (100 rpm) for
5 min. The resultant slurry was sieved through 100
mesh screen and washed three times or more until
the waste solution was clean. Starch suspension was
left overnight in refrigeration at 6 °C and washed
with tap water and centrifuged at 3000 rpm for 15
min. The white sediment was dried at 40 °C in a
convection oven for up to 48 h, ground in a motor,
passed through a 100 mesh screen and stored at
room temperature in sealed glass jars.
Synthesis of Modified Banana Epidermis
Starch particles
200 ml of 45% starch suspension was mixed with
10 g of sodium sulfate and 4 g of tri-meta-phosphate
(Lim & Seib, 1993). The pH of the suspension was

Chitosan/Modified Banana Epidermis Starch Composite Films

15

adjusted to 9.5 by adding 10% aqueous hydrochloric
acid or sodium hydroxide. The slurry was stirred for
1 h at room temperature, washed three times with distilled water and dried in an oven at 40 °C to 10–15%
moisture and heated in an oil bath for phosphorylation
for 2 h at 130 °C. After cooling to room temperature,
the starch cake was washed many times by suspension in distilled water until unreacted phosphate was
not detected and recovering the starch by centrifugation at 1500g for 10 min. Finally, the suspension was
adjusted to pH 6.5, and the recovered starch was dried
at 40 °C in a vacuum oven. The phosphate content
was determined as described by Paschall (1964) and
expressed in terms of molar substitution defined as
the mole of substitution per mole of the anhydrous
glucose unit (Cross-linked phosphate method).
E96-95 ASTM standard method.
Preparation of Chitosan/MBES composite Films
MBES was dried in an air oven at 80 °C for
24 hrs prior to being mixed with chitosan solution
casting method. Chitosan content was varied from
3, 5, 7, 10% by weight of MBES were added. Finally,
the modified banana epidermis starch based chitosan
films were prepared using pertidish plates.
Characterization
FT-IR analysis
Fourier transform infrared (FT-IR) spectra of
the films were measured using a FT-IR spectroscopy
(TENSOR 37 spectrophotometer, Billerica, MA,
USA) operated at a resolution of 4 cm-1. Film samples
were cut into a rectangular shape (5×5 cm) and directly
placed on the ray exposing stage. The spectrum was
recorded at the wave number of 600–4000 cm-1.
XRD analysis
X-ray diffraction (XRD) pattern of the film
samples was analyzed by X-ray diffractometer (PAN
analytical X-pert pro MRD diffractometer, Amsterdam, Netherlands). Samples were prepared by placing

rectangular shape of each film (2×2 cm) on a glass slide
and the spectra were recorded using Cu-Ka radiation.
Morphological observation
Scanning electron microscopy (SEM) analysis was
performed to observe the microstructure of the film
samples. A small piece of the film sample was mounted
on an SEM specimen holder and analyzed using a
scanning electron microscopy (SEM, S-4800, Hitachi
Co., Ltd., Japan) with an accelerating voltage of 5.0 kV.
Thermo stability
The thermal stability evaluation was carried
out using a thermogravimetric analyzer model QA
50 (Hi-Res TGA 2950, TA Instrument, New Castle,
DE, USA). The samples were heated from 30 to
600°C at the rate of 10°C min-1 under the nitrogen
atmosphere (50 mL min-1).
Mechanical property
The tensile strength and elongations of the Chitosan
and MBES (Modified Banana Epidermis Starch) composite films were investigated by Universal Testing
Machine (UTM, H10KS, Tinius Olsen, UK) at 23 °C
by the standard of ASTM D-638. The samples with the
dimensions of 150 mm × 25 mm × 0.048 mm with a
gauge length of 25 mm at a crosshead speed of 10 mm/
min. The tensile strength was expressed in MPa by
dividing the maximum load (N) by the initial cross-sectional area (m2) of the film sample.
Film Thickness
A thickness of the films was determined by the
digital thickness measuring gauge to the nearest 0.001
mm. Presented values were taken for an average of at
least five random locations of the films. The means
were calculated and used in the determination of
mechanical and physical properties of the films.
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Oxygen transmission rate
The oxygen transmission rate of the prepared composite films were calculated by OXTRAN Oxygen Permeability Tester (MOCON, Minneapolis, MN) at 23 °C
under the condition of 0% RH at 1 atm by the standard
of ASTM D3985. The measurements were taken at three
times at different places of the film and the average
value was calculated. All specimens were conditioned
at ambient conditions. The oxygen permeability can be
calculated by the following mathematical formula.
Oxygen Permeability = OTR / (Film thickness x
O2 partial pressure)
Antimicrobial activity

(of 11 mm in diameter) are cut out of sample films and
are placed onto the surface of a full concentration Luria
broth (LB) agar in 9 cm Petri plates that are inoculated
with 0.1 ml of 108 colony forming units (CFU)/ml of
bacterial culture. The plates are incubated at 37°C for 18
h, and the antibacterial activity is recorded by observing
the presence or absence of an inhibition zone around the
studied sample. Antimicrobial tests were performed in
triplicate with individually prepared films.

RESULTS AND DISCUSSION
FT-IR analysis

Antibacterial activity of the films were examined
for their inhibitory effects on the growth of Gram-negative bacteria (E. coli) and Gram-positive bacteria (S.
aureus) are evaluated utilizing zone of bacterial inhibition method. The zone of bacterial inhibition around
the circumference of a polymeric film disc is utilized
to qualitatively assess whether or not the polymeric
matrix sample possesses antibacterial properties. Discs

FT-IR analysis was carried out to study the
interactions between MBES particles and LDPE
matrix and the results are shown in Figure 1. The
spectra of all composite films displayed characteristic peaks in the range of 4000 to 600 cm–1. It is
evident that the FTIR spectra in all the cases reveal
similar peak corresponding to different bands.
Peaks around 3,000 cm-1 represent C-H stretching.

Fig. 1: FT-IR images of (A) Chitosan film, (B - E) Chitosan/MBES composite films with different combination
of Chitosan particles (3, 5, 7 and 10wt %) respectively.
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Fig. 2: XRD images of (A) Chitosan film, (B - E) Chitosan/MBES composite films with different combination
of Chitosan particles (3, 5, 7 and 10wt %) respectively.

Journal of Applied Packaging Research

18

Similarly, in the range of 2,000–2,500 cm-1 represents the double and triple bonds respectively in all
the composite films. The chitosan groups presented a
strong peak around 1,690–1,760 cm-1 in all the cases,
confirming the formation of a group of the matrix
polymer. Further, the peak assigned to the stretching of MBES bonds appears at 460 cm−1, around
10 cm−1 lower than that of the bare starch particles, another indication of the strong MBES-matrix
interactions. The C–H bond in the linkage was also
observed around 1,350 cm-1 which could not be
traced in the other systems. Further, an intense peak
is found at 450 cm−1 that correspond to the stretching of MBES bonds. A lower spectral band corresponding to 600–1,000 cm-1 is probably due to saturated halogen and the benzene ring (588 cm-1) which
reveals the Chitosan matrix. Peaks lower than 600
cm-1 are primarily due to the presence of impurities
which shows carbon-halogen interaction.
XRD analysis of Chitosan/MBES
composite films
Analysis of the X-ray diffraction patterns is a
useful technique to identify the semi crystalline of
the chitosan composite materials. The XDR patterns
of the Chitosan/MBES composite films are shown
in Figure 2. The MBES particles have not exhibited any sharp peaks in XRD pattern. In the case
of Chitosan/MBES composite films, sharp peaks
are observed at 2θ = 23.519, 25.411, 36.267, 46.430
and 67.527 θ, which can be corroborated to (118),
(188), (234) and (306) reflections, due to the formation of MBES particles in the chitosan polymer
chains. Therefore, XRD pattern of composite films
confirms the presence of MBES particles as revealed
in the visible area of the spectrophotometer. Thus,
FTIR studies are attested by XRD studies about the
presence of MBES particles in the composite films.

The XRD pattern of MBES particles recorded in
the region of 2 θ of 10 – 80 is displayed in Fig. 2(B) the
XRD results show that all diffraction peaks at 30.40,
33.72 and 55.41, indicate the formation of MBES particles. These three peaks correspond to the (118), (142)
and (208) reflection planes of a tetragonal lattice of
MBES. The broad peaks of the raw powders (MBES)
suggest the formation of particles with small crystalline size prepared at room temperature. The diffraction peaks get narrower and stronger when annealed
at 300 °C as an indication of high order crystallinity
and increased average crystallite size.
Scanning electron microscopy
Scanning electron microscopy (SEM) was used to
investigate the surface morphology of Chitosan/MBES
film with reference to pure Chitosan film. The SEM
pictures of Chitosan and Chitosan/MBES composite
films are shown in Figure 3. The Chitosan/MBES composite films have aggregated particle structures (figure
3), however, the micrographs of Chitosan and MBES
are uniform. The particle in the composite film was
found with almost spherical morphology.
Thermal stability
According to Table 1, the MBES particles addition
into Chitosan matrix enhanced its thermal stability.
The thermal stability of the Chitosan and Chitosan/
MBES composite films was measured using thermogravimetric analysis, and the resulting TGA curves
are shown in Figure 4. All the films showed multisteps of thermal decomposition in TGA curves. The
initial weight loss was observed around 90°C due to
the removal of moisture from the films, which was
around 7-12% of initial weight. The subsequent steps
of degradation temperature varied with the types of
film. The small shoulders around 250-280 °C were
observed in all composite films was ascribed to the
thermal decomposition of glycerol.
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Fig. 3: SEM images of (A) Chitosan film, (B - E) Chitosan/MBES composite films with different combination of
Chitosan particles (3, 5, 7 and 10wt %) respectively.

Fig. 4: TGA images of (A) Chitosan film, (B - E) Chitosan/MBES composite films with different combination of
Chitosan particles (3, 5, 7 and 10wt %) respectively.
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Fig. 5: Tensile Strength images of (A) Chitosan
film, (B - E) Chitosan/MBES composite films with
different combination of Chitosan particles (3, 5, 7
and 10wt %) respectively.
The third steps of major thermal decomposition
were observed around 160 °C, which can be attributed to the thermal decomposition of Chitosan used as
the polymer. The films with MBES particles showed
enhanced thermal stability in comparison with the neat
Chitosan film, as evidenced by lower weight loss at the
third step of thermal degradation. The thermal stability
of composite films was increased with the addition of
MBES particles. The incorporation of MBES particles in
the Chitosan matrix could be acted as the thermal insulator or a mass transport barrier to the volatile products
generated during thermal decomposition. After the
final thermal decomposition, the residual percentages
at around 500 °C of the neat Chitosan, Chitosan/MBES
(03, 05, 07 and 10wt %) were 27.3, 28.7, 29.5, 30.2, and
31.6 %, respectively. The residues were higher in case of
MBES particles incorporated composite films.

Fig. 6. Elongation at Break images of (A) Chitosan
film, (B - E) Chitosan/MBES composite films with different combination of Chitosan particles (3, 5, 7 and
10wt %) respectively.
when MBES particles dispersed in polymer matrix. The
improvement in mechanical behavior is expected which
could be due to the molecular level dispersion of MBES
particles in the Chitosan polymer matrix.
Figure 6. represents the force versus elongation at
break curve of pure Chitosan and Chitosan/MBES composite film. The Chitosan/MBES composite film has
shown an enhanced tensile strength when compared to
the pure Chitosan films. The reason is that there is strong
interfacial adhesion due to the bonding between the
MBES particles and the Chitosan. Chitosan and MBES
particles adhere to each other due to the bond formed
between them. We calculated the mechanical properties
such as tensile strength, elongation at break (%) from the
following equations. The results are given in Table 2.

(1)

Mechanical properties
Figure 5. represents the mechanical properties
(tensile force) are studied for MBES reinforced Chitosan
polymer composite film. The mechanical properties
of the Chitosan/MBES polymer film can be enhanced

(2)
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Fig. 7: Film Thickness images of (A) Chitosan film, (B E) Chitosan/MBES composite films with different combination of Chitosan particles (3, 5, 7 and 10wt %) respectively.

Fig. 8: Oxygen Permeation Rates images of (A)
Chitosan film, (B - E) Chitosan/MBES composite films
with different combination of Chitosan particles (3, 5, 7
and 10wt %) respectively.

It is observed that the elongation at break for,
different amounts of chitosan particles (03, 05, 07,
and 10wt %) loading with MBES polymer film was
a surge from 361, 372, 381, 390 and 397 respectively.
Similarly, the tensile strength of Chitosan/MBES
composite film was slighter from 14 to 10.0MPa. The
mechanical test results indicated that the Chitosan
based films became more flexible with less strength
and stiffness after the formation of composite films
with MBES particles. The changes in mechanical properties suggest that incorporation of MBES
particles into Chitosan films has induced structural
changes in the Chitosan. It is usually known that the
distribution and density of inter and intra-molecular interactions between the polymer matrixes determine the mechanical properties of the films.

and 32% of thickness, while the MBES particles (10wt
%) incorporated Chitosan composite film shows 10%
of thickness, this is due to the presence of MBES particles which is creating a reaction in Chitosan polymer
by departing the molecular chain and increasing the
network, so this would probably lead to increase the
thickness of the film. Uniformity in thickness also plays
a vital role in film quality. In addition to this, it might
also influence the mechanical and barrier property.

Films Thickness
The thickness of the different types of Chitosan
based composite films value was shown in Figure 7.
A thickness of the films varied in the ranges between
50–100 µm. Pure Chitosan film and different amount of
MBES particles incorporated Chitosan film shows 25%

Oxygen transmission rate
One of the main goals when adding MBES particles to polymers used for food packages is to improve
their barrier properties to gases, vapors, and organic
compounds. Excess moisture and oxygen are leading
causes of food spoilage, and thus these are the two main
permeates studied in packaging applications, because
they may transfer from the internal or external environment through the composite package wall, resulting
in a continuous change in product quality and shelf life.
The oxygen permeability is one of the most important
properties in a packaging material to decide its suitability for different applications. For the Chitosan, and its
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composite films, the OTR values were measured and it
was represented in Figure 8. In a packaging material,
oxygen permeability is one of the most important properties for deciding its suitability for various applications. For the Chitosan film, the average OTR value
was 1182.4 cc/m2/24 hrs. The control Chitosan has
less oxygen permeability but the OTR of composite
films are increase due to which could be attributed to
the generation of a tortuous path for the permeation of
oxygen molecules in the presence of MBES particles
into the Chitosan matrix. The highest value of 1272.4
cc/m2/24 hrs was observed in 10wt% of Chitosan particles. It was noted that the oxygen transmission rate
increase with an increase of MBES particles content.
These results were most important and showed that if
the increase of MB ES particles the value of oxygen
transmission rate was also increased.
Antimicrobial properties
In this study, Chitosan/MBES composites were
tested for antibacterial activity using E. coli, and S.
aureus. Fig 9, shows the inhibition zones is that were
formed by composite samples. The diameter of the
inhibition zones are 12.0, 12.1, 12.7, 13.3 and 14.1
mm and 12.0, 12.2, 13.6, 13.8, and 15.1 mm against
E. coli and S. aureus respectively. The results are
summarized and presented in Table 3. It is observed
that Chitosan composite (sample of 5) which was
used as a control matrix, exhibited very less antibacterial activity when compared with other composites. These results indicate that MBES can be
displayed antimicrobial properties good to the food
pathogenic bacteria in E. coli and S. aureus.

CONCLUSION
Chitosan and different amounts of modified
banana epidermis starch composite films were
prepared by using solution casting method. The
FT-IR, XRD and SEM study suggest that the strong
interactions are formed between modified banana
epidermis starch and Chitosan. The results from
TGA indicate that the curves that the melting temperature of Chitosan after degradation slightly
increased. The antimicrobial effects of polymer
composite films against S.aureus and E.coli was
analyzed by agar diffusion method. The prepared
composite films from banana epidermis is a new
alternative for using this raw material, which is
much cheaper than commercial starches. 10%
chitosan/MBES film having good mechanical, and
barrier properties. In conclusion, this novel the new
composite films are biodegradable, oxygen permeability, mechanical and antimicrobial activity could
be good for flexible packaging applications.
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Fig. 9: Antimicrobial Activity images of (A) Chitosan film, (B - E) Chitosan/MBES composite films with different combination of Chitosan particles (3, 5, 7 and 10wt %) respectively.

Table 1: Results of TGA of pure Chitosan and Chitosan/MBES composites
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Table 2: Mechanical properties values of pure Chitosan and Chitosan/MBES composites

Table 3: Average of inhibition zones obtained from various composites at pure Chitosan and different
concentrations of modified banana epidermis starch (MBES)/Chitosan particle; (3, 5, 7, 10wt %) against E.
coli and S. aureus pathogenic bacteria.
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